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Summary Introduction Cabazitaxel is a second-generation
taxane with in vivo activity against taxane-sensitive and -
resistant tumor cell lines and tumor xenografts. Cabazitaxel/
cisplatin have therapeutic synergism in tumor-bearing mice,
providing a rationale for assessing this combination in patients
with solid tumors. Methods The primary objectives of this
study were to determine dose-limiting toxicities (DLTs) and
the maximum tolerated dose (MTD) of a cabazitaxel/cisplatin
combined regimen (Part 1) and to assess antitumor activity at
the MTD (Part 2). Safety and pharmacokinetics (PK) were
also examined. Results Twenty-five patients with advanced
solid tumors were enrolled (10 in Part 1; 15 in Part 2). In Part
1, two dose levels were evaluated; the MTD for cabazitaxel/
cisplatin (given Q3W) was 15/75 mg/m2. DLTs occurring

during Cycle 1 at the maximum administered dose (20/
75 mg/m2; acute renal failure and febrile neutropenia) and
the MTD (febrile neutropenia and hypersensitivity despite
pre-medication) were as expected for taxane/platinum combi-
nations. For the 18 patients treated at the MTD, the most
frequent possibly related non-hematologic treatment-emer-
gent adverse events (Grade ≥3) were nausea (16.7 %), fatigue,
acute renal failure and decreased appetite (each 11.1 %). Neu-
tropenia was the most frequent treatment-emergent Grade ≥3
hematologic laboratory abnormality at the MTD (77.8 %).
The best overall response at the MTD was stable disease,
observed in 66.7 % of patients. PK results of the combination
did not appear to differ from single-agent administration for
each agent. Conclusion Combination treatment with
cabazitaxel/cisplatin had a manageable safety profile; no PK
interactions were evident. The recommended Phase II dose for
this combination is cabazitaxel/cisplatin 15/75 mg/m2 admin-
istered every 3 weeks. Antitumor activity findings suggest that
further evaluation of this combination in disease-specific trials
is warranted.
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Introduction

Cabazitaxel is a second-generation taxane that is active
against a broad spectrum of docetaxel-sensitive and
docetaxel-resistant tumor cell lines and tumor xenografts [1].
Compared with docetaxel, cabazitaxel exhibits greater activity
and a broader cytotoxicity profile against murine and human
tumor cell lines. Furthermore, cabazitaxel has antitumor ef-
fects in multiple tumor xenograft models with acquired or
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innate resistance to docetaxel [1, 2]. Unlike docetaxel,
cabazitaxel crosses the blood–brain barrier in rodents (show-
ing activity in intracranial human glioblastoma models), lead-
ing to brain:plasma and brain:blood exposure ratios up to 6.51
and 9.02, respectively, after administration of 30 mg/kg
cabazitaxel [2].

Cisplatin is a platinum-containing chemotherapeutic that
interacts with DNA, creating DNA adducts that activate signal
transduction pathways, ultimately resulting in apoptosis [3].
Preclinical studies have shown therapeutic synergism between
cabazitaxel and cisplatin in tumor-bearing mice [4], and clin-
ical studies of taxanes in combination with cisplatin have
reported promising results [5–8]. As such, a combined
cabazitaxel/cisplatin regimen could provide increased clinical
benefits to patients with various solid tumors. Here, we report
the results of a Phase I study of cabazitaxel/cisplatin treatment,
which was designed to evaluate dose-limiting toxicities
(DLTs), determine the maximum tolerated dose (MTD), assess
potential antitumor activity, and examine safety and pharma-
cokinetics (PK).

Materials and methods

Study design

This was a Phase I, multicenter, open-label, single-arm, dose-
escalation, two-part study, which included an expansion co-
hort to further evaluate the MTD. The primary objectives of
Part 1 were to determine DLTs and the MTD of cabazitaxel
administered in combination with cisplatin as a 1-h intrave-
nous (IV) infusion every 3 weeks in patients with advanced
solid tumors. Once the MTD had been established, the prima-
ry objective of Part 2 was to evaluate antitumor activity at the
MTD. Secondary objectives included the examination of safe-
ty and PK (Parts 1 and 2), and to evaluate any drug–drug
interaction between cabazitaxel and cisplatin (Part 1).

In Part 1, doses were escalated according to a standard 3+3
design (based on the safety evaluation [DLTs] during Cycle 1),
with cohorts of 3–6 patients receiving study treatment on Day
1 every 3 weeks. The starting dose level (dose level 0) was
cabazitaxel/cisplatin 20/75 mg/m2. Planned dose levels 1 and
–1 for cabazitaxel/cisplatin were 25/75 mg/m2 and 15/75 mg/
m2, respectively. The MTD was defined as the highest dose at
which none of three or one of six patients evaluable for DLT
experienced a DLT during the first treatment cycle. The max-
imum administered dose (MAD) was defined as the dose level
at which at least two patients evaluable for DLT developed a
DLT during the first treatment cycle.

In Part 2, additional patients were enrolled to investigate
the safety, PK and antitumor activity of study treatment ad-
ministered at the MTD (as determined in Part 1).

The study protocol and all amendments were approved by
Institutional Review Boards and Independent Ethics Commit-
tees at participating institutions. All patients gave written
informed consent. The study was conducted according to
good clinical practice and the Declaration of Helsinki and its
amendments. The trial was registered at www.ClinicalTrials.
gov as NCT00925743.

Dose-limiting toxicities

A patient was evaluable for DLTs if they received any com-
ponent of study treatment and had a DLT assessment during
the first treatment cycle of Part 1. Patients who experienced a
DLTcould receive a lower dose of study treatment during later
treatment cycles (after experiencing a DLT) at the investiga-
tor’s discretion.

DLTs were graded according to NCI-CTCAE v3.0 [9] and
were defined as the following study treatment-related toxic-
ities occurring during the first treatment cycle: non-
hematologic toxicity of Grade ≥3 (except for Grade 3: fever
without documented infection, inadequately treated nausea/
vomiting/diarrhea/mucositis/stomatitis, fatigue, anorexia, ele-
vated liver function tests that returned to baseline before the
next treatment cycle, hypersensitivity reaction if the required
pre-medication was not administered, or peripheral neuropa-
thy that returned to Grade ≤1 before the next cycle); hemato-
logic toxicity consisting of febrile neutropenia (fever ≥38.5 °C
of unknown origin without clinically or microbiologically
documented infection combined with Grade 3/4 neutropenia),
Grade 4 neutropenia lasting >7 days or Grade 4 thrombocy-
topenia; or any other life-threatening toxicity.

Patient population

Adult patients with a histologically or cytologically confirmed
metastatic or unresectable advanced solid malignancy, for
which standard curative measures did not exist, but for which
cisplatin-based therapy was considered appropriate, were eli-
gible for this study. Prior taxane therapy was permitted in both
Part 1 and Part 2. Exclusion criteria included: Eastern Coop-
erative Oncology Group (ECOG) performance status (PS) ≥2;
prior cabazitaxel treatment within 2 years or cisplatin treat-
ment within 6 months; history of hypersensitivity to taxanes,
cisplatin, polysorbate-80 or derivatives; history of significant
hearing impairment; any clinically significant toxic effect
(excluding alopecia) of prior therapy that had not resolved to
Grade ≤1; prior chemotherapy, biologic therapy, targeted non-
cytotoxic therapy, or radiotherapy within 3 weeks before
registration; absolute neutrophil count <1,500/mm3, platelets
<75,000/mm3, hemoglobin <9.0 g/dL or prothrombin time/
international normalized ratio >1.5; estimated creatinine clear-
ance <60 mL/min, or serum creatinine >1.0× upper limit of
normal (ULN); total bilirubin > ULN, alkaline phosphatase
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>5.0× ULN, serum aspartate aminotransferase (AST) or se-
rum alanine aminotransferase (ALT) >2.5× ULN if alkaline
phosphatase is ≤2.5× ULN, or AST or ALT >1.5× ULN if
alkaline phosphatase is >2.5× ULN and ≤5.0× ULN; or con-
current or planned treatment with a strong CYP3A4 inhibitor.
For Part 2, patients with non-measurable disease were
ineligible.

Study treatment

On Day 1 of each 3-week cycle, patients received a 1-h IV
infusion of cisplatin followed by a 1-h IV infusion of
cabazitaxel. At least 30 min before cabazitaxel was adminis-
tered, patients received IV pre-medication with an antihista-
mine, a steroid and a H2 receptor antagonist. Antiemetic
prophylaxis with aprepitant only was mandatory in Part 2,
Cycle 2, while ondansetron, granisetron or dolasetron could
be administered as needed in Part 1 (all cycles) and in cycles
other than Cycle 2 in Part 2. For safety reasons, the dose of
cabazitaxel was adjusted to a maximum body surface area
(BSA) of 2.1 m2. Prophylactic use of granulocyte colony-
stimulating factor (G-CSF) was allowed after Cycle 1, and
therapeutic G-CSF was permitted during Cycle 1 following a
hematologic DLT only. If G-CSF was administered outside of
these parameters, the patient was not evaluable for DLTs.

New cycles of study treatment were not initiated until the
absolute neutrophil count was ≥1,500/mm3, platelet count was
≥75,000/mm3, estimated creatinine clearance was ≥40 mL/
min (in patients who had not received a prior cisplatin dose
reduction for renal toxicity) or ≥50 mL/min (in patients who
had received one cisplatin dose reduction for renal toxicity),
liver function tests were within the range stipulated for study
eligibility and non-hematologic toxicities (except alopecia,
asthenia, local reactions, and other non-serious toxicities)
had recovered to Grade≤1 or baseline levels. Cycle length
could be extended by a maximum of 2 weeks if additional
time was required for resolution of study treatment-related
toxicities or other treatment-emergent adverse events
(TEAEs) regardless of causality.

In Part 1, dose reductions (except for those related to DLTs)
were not permitted. In Part 2, up to two dose reductions were
permitted for any patient with a significant toxicity. Dose re-
escalations were not allowed.

Study treatment continued until disease progression, unac-
ceptable toxicity, patient refusal of further treatment or inves-
tigator’s decision.

Safety assessments

Safety was assessed by medical history, concomitant medica-
tions, TEAEs, serious adverse events (SAEs), vital signs,
physical examinations, ophthalmologic examinations, ECOG
PS, electrocardiograms and laboratory safety tests (including

complete blood count, coagulation, serum chemistry and uri-
nalysis), both before study treatment and at designated inter-
vals throughout the study. A TEAE was defined as any AE
(regardless of relationship to study treatment) that developed
during treatment or worsened in severity during treatment
compared with baseline. A SAE was defined as any untoward
medical occurrence at any dose that resulted in death, was life-
threatening, required inpatient hospitalization or prolongation
of existing hospitalization, resulted in persistent or significant
disability/incapacity, resulted in a congenital anomaly/birth
defect or was a medically important event. All SAEs consid-
ered related to the study treatment were recorded throughout
the study, regardless of when they occurred. Laboratory, vital
signs and/or electrocardiogram abnormalities were recorded
as TEAEs only if they were symptomatic, required corrective
treatment, led to study treatment discontinuation and/or dose
modification, and/or fulfilled a SAE criterion.

Pharmacokinetic assessments

To determine cabazitaxel plasma concentrations, blood sam-
ples were collected on lithium heparinate 5 min before the end
of infusion, 5 and 15 min after the end of infusion, and 1.5, 2,
4, 6, 8, 9–11, 24 (1 day), 48 (2 days), 72 (3 days), 96 (4 days) –
120 (5 days) and 168 (7 days) hours after starting the infusion.
Within 30 min of collection, samples were centrifuged at
2,000 g for 15 min at 4 °C to obtain the plasma fraction,
which was stored at –20 °C until analysis. Cabazitaxel was
extracted from plasma using an Oasis® HLB μElution plate.
The quantitative determination was performed using a vali-
dated liquid chromatography–tandemmass spectrometry (LC/
MS/MS) method [10], slightly modified using d6-cabazitaxel
as an internal standard. The lower limit of quantification
(LLOQ) was 1 ng/mL for a 100 μL sample size. Over the
study period, the quality of the analytical method established
by the coefficients of variation (CV) of the quality controls
(for mean day-to-day variability of the estimated concentra-
tions) showed a precision of ≤5.5 %. The assay accuracy,
defined as the percentage difference between the nominal
and the mean measured concentrations of quality controls,
ranged from –7.67 to 2.75 %. For cisplatin, blood samples
were collected on sodium heparinate immediately prior to
infusion, 5 min before the end of infusion and at 1.5, 2, 3, 4,
6, 8, 11 and 24 h after starting the infusion. Within 20 min of
collection, plasma was separated by centrifugation at 1,000 g
for 10 min at 4 °C. Ultrafiltrate was generated by plasma
ultracentrifugation at 2,000 g for 30 min at 4 °C in a
Centrifree® device with an Amicon YM-30 ultrafiltration disc
(Merck Millipore, Billerica, MA, USA), within 1 h of blood
collection and stored at –20 °C before analyses.

The quantitative determination was validated following
FDA guidance, and conducted using an inductively coupled
plasma MS method after alkaline digestion. Before analysis,
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100 μL samples (plasma or plasma ultrafiltrate, respectively)
were digested for 30 min with either 9.9 mL internal standard
(iridium) in 1% TMAH/1% EDTA for total platinum assay or
with 0.9 mL internal standard in 1 % TMAH/1 % EDTA for
ultrafiltrable platinum assay. The limit of quantitation was
100 ng/mL for total plasma platinum assay and 1 ng/mL for
ultrafiltrable platinum assay. Over the study period, the ana-
lytical method showed a precision of ≤2.93 % (total platinum)
and ≤6.09 % (ultrafiltrable platinum), and accuracy ranged
from –2.10 to 3.2 % (total platinum) and from –0.30 to 1.20%
(ultrafiltrable platinum).

PK parameters were calculated from cabazitaxel plasma
concentrations using non-compartmental analysis and were
summarized by arithmetic mean, geometric mean, standard
deviation, standard error of the mean, CV (%), minimum,
median, maximum and number of observations with validated
software (PKDMS version 2, running with WinNonlin Pro-
fessional, version 5.2.1, Pharsight). PK parameters included:
maximum plasma concentration observed (Cmax), first time to
reach Cmax (Tmax), terminal half-life associated with the ter-
minal slope (λz), area under the plasma concentration versus
time curve calculated using the trapezoidal method from time
0 to the last measurable concentration (AUClast), area under
the plasma concentration versus time curve extrapolated to
infinity (AUC), total body clearance (CL) and volume of
distribution at steady state (Vss). CL and Vss were also nor-
malized using BSA. For cisplatin (total and ultrafiltrable plat-
inum), Cmax, Tmax, and AUC0–24 were calculated using non-
compartmental analysis using the same methodology as that
for cabazitaxel.

Antitumor activity

Tumor response was evaluated using computed tomography
or magnetic resonance imaging according to RECIST (version
1.1) [11]. Measurable target lesions, measurable non-target
lesions and non-measurable non-target lesions were evaluated
at screening, every two cycles (approximately every 6 weeks)
thereafter, whenever disease progression was suspected, and
at the end of study treatment or withdrawal, using the same
method for each assessment. Bone scans were performed at
baseline, whenever new or worsening bone symptoms oc-
curred, and when tumor assessments were performed to con-
firm a response. Patients who discontinued study treatment
before disease progression occurred continued to have tumor
assessments every 6 weeks until disease progression or start of
another anticancer therapy. The primary antitumor activity
variable was the objective response rate (ORR), defined as
the proportion of patients with confirmed complete response
or partial response during the treatment period relative to the
total number of patients in the analysis population. Time to
progression and duration of response were also assessed.

Analysis populations

The all-treated (AT) population was defined as all enrolled
patients who received at least one part of a dose of study
treatment. The per-protocol (PP) population was defined as
patients who received a minimum of two cycles of study
treatment or withdrew early following progression/death due
to progression within the same period, and who had a valid
baseline tumor assessment, at least one post-baseline tumor
assessment, and no major protocol deviation(s).

Safety was analyzed in the AT population. Antitumor ac-
tivity (ORR) was analyzed in both the ATand PP populations.
Patients who received the MTD in Part 1 were included in the
antitumor activity evaluation in Part 2 of the study, provided
they met the Part 2 eligibility criteria. The PK analysis was
performed on patients in the AT population who had no major
protocol deviation(s) and for whom any PK parameter was
available.

Results

Patients

Twenty-five patients were enrolled (Table 1). The median age
was 56 years and most patients had an ECOG PS of 1 (n=15,
60 %). The most frequent primary tumor site was the lungs
(n=4, 16 %). At study entry, 8 % of patients had locally
advanced disease and 92 % had metastatic disease. The most
frequently involved organs at baseline were lymph nodes
(80 %), lungs (56 %) and liver (40 %). At baseline, prior
anticancer therapy, radiotherapy or surgery had been admin-
istered to 92 %, 60 % and 60 % of patients, respectively. Prior
to this study patients had received a median of five different
individual anticancer therapies (range: 2–9) and a median of
3.5 different anticancer regimens (including combinations;
range: 1–8). A total of 14 patients (56 %) had received prior
taxane treatment and six patients (24 %) had received prior
cisplatin treatment.

Study treatment

During the dose-escalation phase (Part 1), 10 patients were
treated at one of two dose levels: seven at dose level 0
(cabazitaxel/cisplatin doses of 20/75 mg/m2; MAD) and three
at dose level –1 (15/75 mg/m2), which was found to be the
MTD. During the cohort-expansion phase (Part 2), 15 patients
were treated at the MTD. In total, 18 patients were treated at
the MTD in the study. In Parts 1 and 2, 100 cycles of study
treatment were administered: 40 at the 20/75mg/m2 dose level
and 60 at the 15/75 mg/m2 dose level. Three patients at 15mg/
m2 and two patients at 20 mg/m2 had their cabazitaxel doses
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capped in Cycle 1 and/or Cycle 2 due to BSA >2.1 m2.
Median number of cycles of treatment administered per pa-
tient was three (range 1–8) with 15/75 mg/m2 and six (range
1–12) with 20/75 mg/m2. Median relative dose intensity for

cabazitaxel at the 15/75 mg/m2 dose level was 0.954 (range
0.74–1.02), for cabazitaxel at the 20/75 mg/m2 dose level was
0.837 (range 0.57–0.96), for cisplatin at the 15/75 mg/m2 dose
level was 0.988 (range 0.71–1.01) and for cisplatin at the 20/

Table 1 Patient and disease
characteristics at baseline

ECOG PS Eastern Cooperative
Oncology Group performance
status, MTD maximum tolerated
dose
a Includes ampulla, bile duct,
bladder, bone, breast, ependyma,
esophagus, penis, pleura, rectum,
skin, unknown primary and uterus
(one patient each)

Cabazitaxel dose level, mg/m2 All (N=25)

15 (MTD) (n=18) 20 (n=7)

Gender, n (%)

Female 12 (66.7) 4 (57.1) 16 (64.0)

Male 6 (33.3) 3 (42.9) 9 (36.0)

Age

Median (range) 56.5 (32–71) 52.0 (38–70) 56.0 (32–71)

<65 years, n (%) 15 (83.3) 5 (71.4) 20 (80.0)

65–75 years, n (%) 3 (16.7) 2 (28.6) 5 (20.0)

Race n (%)

Asian/oriental 1 (5.6) 0 1 (4.0)

Caucasian/white 17 (94.4) 7 (100) 24 (96.0)

ECOG PS, n (%)

0 6 (33.3) 4 (57.1) 10 (40.0)

1 12 (66.7) 3 (42.9) 15 (60.0)

Primary tumor site, n (%)

Lungs 2 (11.1) 2 (28.6) 4 (16.0)

Anus 2 (11.1) 0 2 (8.0)

Ovaries 1 (5.6) 1 (14.3) 2 (8.0)

Pancreas 2 (11.1) 0 2 (8.0)

Prostate 2 (11.1) 0 2 (8.0)

Othera 9 (50.0) 4 (57.1) 13 (52.0)

Histology, n (%)

Adenocarcinoma 10 (55.6) 4 (57.1) 14 (56.0)

Epidermoid 1 (5.6) 0 1 (4.0)

Squamous cell carcinoma 3 (16.7) 1 (14.3) 4 (16.0)

Other 4 (22.2) 2 (28.6) 6 (24.0)

Histopathology, n (%)

Well differentiated 0 3 (42.9) 3 (12.0)

Moderately differentiated 3 (16.7) 2 (28.6) 5 (20.0)

Poorly differentiated 6 (33.3) 1 (14.3) 7 (28.0)

Unknown 9 (50.0) 1 (14.3) 10 (40.0)

Prior anticancer drug treatments by intent, n (%)

Adjuvant 4 (22.2) 0 4 (16.0)

Curative 2 (11.1) 2 (28.6) 4 (16.0)

Palliative 2 (11.1) 0 2 (8.0)

First line 2 (11.1) 1 (14.3) 3 (12.0)

Second line 1 (5.6) 0 1 (4.0)

Third line 1 (5.6) 0 1 (4.0)

Other/unknown/missing 6 (33.3) 4 (57.1) 10 (40.0)

Prior taxane use, n (%)

Any 11 (61.1) 3 (42.9) 14 (56.0)

Docetaxel 4 (22.2) 2 (28.6) 6 (24.0)

Paclitaxel 7 (38.9) 2 (28.6) 9 (36.0)
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75 mg/m2 dose level was 0.856 (range 0.60–0.96). Three
patients (14.3 %) received a reduced dose of cabazitaxel
(one patient [6.7 %] who started at the 15/75 mg/m2 dose
level and two patients [33.3 %] who started at the 20/75 mg/
m2 dose level). Five patients (23.8 %) received a reduced dose
of cisplatin (four patients [26.7 %] who started at the 15/
75 mg/m2 dose level and one patient [16.7 %] who started at
the 20/75 mg/m2 dose level) (Table 2). All patients
discontinued study treatment. For patients who received the
MTD,median duration of treatment was 10.1 weeks (range 3–
26 weeks). Overall, disease progression was the most fre-
quently reported reason for discontinuing study treatment
(12 patients [48 %]) followed by TEAE occurrence (nine
patients [36 %]) and withdrawal of consent or poor PS (two
patients [8 %] each).

Dose escalations

Of nine patients evaluable for DLTs in Part 1, two experienced a
DLT (Grade 3 acute renal failure and Grade 4 febrile neutrope-
nia, both at the 20/75 mg/m2 dose level). Because no patient
treated at 15/75 mg/m2 experienced a DLT in Part 1, this dose
level was established as theMTD. Two of the 15 patients treated
at the MTD in Part 2 experienced a DLT (Grade 3 febrile
neutropenia and Grade 3 hypersensitivity despite required pre-
medication). The 20/75 mg/m2 dose level was the MAD.

Safety

Safety data are summarized in Table 3. All patients experi-
enced a TEAE; at the MTD, the most frequent all-grade non-
hematologic TEAEs (regardless of relationship to study treat-
ment) were nausea (77.8 %), vomiting (72.2 %), decreased
appetite (66.7 %), fatigue (61.1 %) and diarrhea (44.4 %). All
patients experienced a TEAE (all grades) considered possibly
related to study treatment; at the MTD, the most frequent non-
hematologic events were nausea (72.2 %), decreased appetite,
vomiting (both 66.7 %) and diarrhea (44.4 %). At the MTD,
nine patients (50.0 %) experienced a Grade≥3 TEAE possibly
related to study treatment; the most frequent non-hematologic
events were nausea (16.7 %), decreased appetite, fatigue and
acute renal failure (each 11.1 %). Sixteen (64.0 %) patients

experienced a SAE (all grades and regardless of relationship
to study treatment).

Patients experiencing hematologic and biochemical abnor-
malities (based on laboratory values) during study treatment
are presented in Table 3. Neutropenia was the most frequently
reported treatment-emergent Grade≥3 hematologic abnormal-
ity, both overall (84.0 %) and at the MTD (77.8 %). Febrile
neutropenia was observed in three patients (12.0 %) overall,
including one patient at the MTD and two patients at 20/
75 mg/m2.

Nine patients (36.0 %) experienced a TEAE (all grades)
that led to study treatment discontinuation. At the MTD, four
(22.2 %) patients developed a TEAE that led to study treat-
ment discontinuation, including increased blood creatinine
(11.1 %), increased blood urea and drug hypersensitivity
(5.6 % each). Nine patients (36.0 %) had a study treatment
delay due to a TEAE (all grades). At the MTD, five (27.8 %)
patients had study treatment delayed due to TEAEs, including
two (11.1 %) patients who developed anemia. Seven patients
(28.0 %) had a dose reduction due to a TEAE (all grades). At
the MTD, five (27.8 %) patients had a dose reduction due to
TEAEs, including two (11.1 %) patients who developed in-
creased blood creatinine.

Eleven patients (44 %) died during the study (eight who
received the MTD and three who received the MAD). Causes
of death were disease progression in nine patients, TEAE in
one patient (septic shock after five treatment cycles at the
MAD; death occurred 9 days after the last dose of study
treatment) and unknown in one patient.

Pharmacokinetics

Plasma samples were collected from 20 patients, including
four patients treated with 20/75 mg/m2 in Part 1 of the study
and 16 patients treated with 15/75 mg/m2 (three patients in
Part 1 and 13 patients in Part 2). Seven patients were excluded
from the PK analyses; PK results for the 13 patients included
in the statistical analysis are summarized in Tables 4 and 5.
Overall, cabazitaxel CL normalized to BSAwas 39.3 L/h/m2

(with moderate variability [CV 52%]); CLwas 39.7 L/h/m2 at
15/75 mg/m2 (n=11) and 37.4 L/h/m2 at 20/75 mg/m2 (n=2).
Overall, cabazitaxel Vss normalized to BSA was 2,780 L/m2

Table 2 Study treatment
modification

a Received >1 cycle of study
treatment

n (%) Cabazitaxel dose level, mg/m2 All (N=25)

15 (n=18) 20 (n=7)

Eligible for a delaya 15 6 21

≥1 cycle delayed (>3 days) 7 (46.7) 6 (100) 13 (61.9)

≥1 cycle administered at reduced dose for either
cabazitaxel or cisplatin

5 (33.3) 2 (33.3) 7 (33.3)

≥1 cycle administered at reduced dose for cabazitaxel 1 (6.7) 2 (33.3) 3 (14.3)

≥1 cycle administered at reduced dose for cisplatin 4 (26.7) 1 (16.7) 5 (23.8)
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with moderate variability (CV 35 %); Vss was 2,610 L/m2 at
15/75 mg/m2 and 3,730 L/m2 at 20/75 mg/m2. The PK of total
and ultrafiltrable platinum was comparable across all dose
levels. These results were comparable to prior PK studies of
cabazitaxel.

Antitumor activity

Fifteen patients were evaluable for response, including three
who received theMTD in Part 1. The best overall response was
stable disease (10 patients, 66.7 %), which was observed in a

Table 3 Treatment-emergent adverse events (TEAEs) possibly related to study treatment and treatment-emergent laboratory abnormalities occurring in
>15 % of patients (all grades, total population)

Cabazitaxel dose level, mg/m2 All (N=25)

15 (n=18) 20 (n=7)

All grades Grade ≥3 All grades Grade ≥3 All grades Grade ≥3

TEAEs possibly related to study treatmenta, n (%)

All 18 (100) 9 (50.0) 7 (100) 6 (85.7) 25 (100) 15 (60.0)

Nausea 13 (72.2) 3 (16.7) 5 (71.4) 1 (14.3) 18 (72.0) 4 (16.0)

Vomiting 12 (66.7) 1 (5.6) 4 (57.1) 1 (14.3) 16 (64.0) 2 (8.0)

Decreased appetite 12 (66.7) 2 (11.1) 3 (42.9) 0 15 (60.0) 2 (8.0)

Diarrhea 8 (44.4) 0 3 (42.9) 2 (28.6) 11 (44.0) 2 (8.0)

Fatigue 6 (33.3) 2 (11.1) 3 (42.9) 1 (14.3) 9 (36.0) 3 (12.0)

Alopecia 5 (27.8) 0 1 (14.3) 0 6 (24.0) 0

Arthralgia 2 (11.1) 0 2 (28.6) 0 4 (16.0) 0

Constipation 3 (16.7) 0 1 (14.3) 0 4 (16.0) 0

Dysgeusia 1 (5.6) 0 3 (42.9) 0 4 (16.0) 0

Dyspepsia 4 (22.2) 0 0 0 4 (16.0) 0

Treatment-emergent hematologic and biochemical laboratory abnormalitiesb, n (%)

Hematologic

Leukopenia 17 (94.4) 12 (66.7) 7 (100) 6 (85.7) 24 (96.0) 18 (72.0)

Neutropenia 16 (88.9) 14 (77.8) 7 (100) 7 (100) 23 (92.0) 21 (84.0)

Anemia 15 (83.3) 6 (33.3) 5 (71.4) 3 (42.9) 20 (80.0) 9 (36.0)

Thrombocytopenia 15 (83.3) 2 (11.1) 4 (57.1) 3 (42.9) 19 (76.0) 5 (20.0)

Lymphopenia 14 (77.8) 7 (38.9) 4 (57.1) 3 (42.9) 18 (72.0) 10 (40.0)

Biochemical

Hyperglycemiac 8 (100) 1 (12.5) 5 (83.3) 0 13 (92.9) 1 (7.1)

Hyponatremia 16 (88.9) 1 (5.6) 6 (85.7) 3 (42.9) 22 (88.0) 4 (16.0)

Hypomagnesemia 15 (83.3) 3 (16.7) 6 (85.7) 1 (14.3) 21 (84.0) 4 (16.0)

Hypoalbuminemia 14 (77.8) 0 6 (85.7) 0 20 (80.0) 0

Hypocalcemia 14 (77.8) 1 (5.6) 5 (71.4) 0 19 (76.0) 1 (4.0)

Alkaline phosphatase increased 12 (66.7) 1 (5.6) 4 (57.1) 0 16 (64.0) 1 (4.0)

Hypercholesterolemia 12 (66.7) 0 4 (57.1) 0 16 (64.0) 0

Hypokalemia 11 (61.1) 3 (16.7) 4 (57.1) 1 (14.3) 15 (60.0) 4 (16.0)

Creatinine increased 8 (44.4) 0 5 (71.4) 1 (14.3) 13 (52.0) 1 (4.0)

AST increased 8 (44.4) 0 2 (28.6) 1 (14.3) 10 (40.0) 1 (4.0)

Hypophosphatemiad 5 (29.4) 2 (11.8) 2 (33.3) 2 (33.3) 7 (30.4) 4 (17.4)

ALT increased 5 (27.8) 0 2 (28.6) 0 7 (28.0) 0

Hyperkalemia 3 (16.7) 0 3 (42.9) 0 6 (24.0) 0

ALT alanine aminotransferase, AST aspartate aminotransferase
a Excluding treatment-emergent hematologic and biochemical laboratory abnormalities reported as AEs
bAll occurrences
c n=8 (15 mg/m2 ), n=6 (20 mg/m2 ), n=14 (all dose levels)
d n=17 (15 mg/m2 ), n=6 (20 mg/m2 ), n=23 (all dose levels)
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range of tumor types: pancreas, lung (two patients each), pros-
tate, pleura, endometrium, esophagus, ovary and ependyma
(one patient each). Two patients had stable disease for six
treatment cycles (the primary tumor sites were ovary and
ependyma). Of the 15 patients evaluable for time to progression
analysis, eight (53.3 %) progressed and seven (46.7 %) were
censored; median progression-free survival was 2.7 months
(95 % confidence interval 1.54–not determined) (Fig. 1).

Discussion

Cabazitaxel and cisplatin are established cytotoxic agents with
different mechanisms of action [3, 12]. Here, we aimed to

establish the appropriate dosage and to assess the value of
combination treatment of cabazitaxel plus cisplatin in patients
with advanced solid tumors in terms of safety, PK and antitu-
mor activity.

Based on available safety and dosing data from prior and
ongoing clinical studies of cabazitaxel when the studywas being
designed, and the fact that cisplatin doses between 50 and
100 mg/m2 are feasible, a dosing schedule of cabazitaxel
20mg/m2 and cisplatin 75mg/m2 every 3weekswas established
as the starting dose for this study. Of the six evaluable patients
treated at theMAD, two experienced aDLT (Grade 3 acute renal
failure and Grade 4 febrile neutropenia). Therefore, the MTD
and recommended Phase II dose of cabazitaxel administered
in combination with 75 mg/m2 cisplatin on Day 1 of each
3-week cycle was found to be 15 mg/m2. These DLTs

Table 4 Clearance and volume of distribution at steady state of cabazitaxel in combination with cisplatin during Cycle 1 (Parts 1 and 2)

Mean±SD (geometric mean) [CV %] 15 mg/m2 cabazitaxel+75 mg/m2 cisplatin 20 mg/m2 cabazitaxel+75 mg/m2 cisplatin Overall

N 11a 2b 13

CL/BSA, L/h/m2 39.7±21.8 (36.3) [55] 37.4±NC (35.5) [NC] 39.3±20.5 (36.2) [52]

Vss/BSA, L/m
2 2,610±954 (2,450) [37] 3,730±NC (3,700) [NC] 2,780±985 (2,610) [35]

AUC 437±136 (411) [31] NCc NC

Cmax 166±95.1 (136) [57] NCc NC

BSA body surface area, CL/BSA clearance normalized to BSA, CV coefficient of variation, NC not calculated, SD standard deviation, Vss/BSAvolume of
distribution at steady state normalized to BSA
a n=11, two patients were excluded due to an erratic PK profile and one due to delayed Cmax; PK parameters were not calculable for two additional
patients due to extrapolated AUC >40 %
b n=2, two patients were excluded due to an erratic PK profile
c Not calculated as one patient was excluded from descriptive statistics due to dosing at a lower dose than 20 mg/m2

Table 5 Mean pharmacokinetic parameters of cisplatin in combination with cabazitaxel during Cycle 1 (Parts 1 and 2)

Mean±SD (geometric
mean) [CV %]

Total platinum Ultrafiltrable platinum

15 mg/m2 cabazitaxel +
75 mg/m2 cisplatin

20 mg/m2 cabazitaxel +
75 mg/m2 cisplatin

15 mg/m2 cabazitaxel +
75 mg/m2 cisplatin

20 mg/m2 cabazitaxel +
75 mg/m2 cisplatin

N 7 7 7 6

Tmax, h
a 1.00 0.98 1.00 0.95

(0.92–2.00) (0.92–2.08) (0.92–1.08) (0.92–1.25)

Cmax, ng/mL 3,600±813 3,270±278 2,670±348 2,420±763

(3,500) [23] (3,260) [9] (2,650) [13] (2,310) [32]

AUC0–24, ng.h/mL 43,500±4,860 40,000±9,870 4,430±775 4,280±1,150

(43,300) [11] (39,000) [25] (4,370) [18] (4,140) [27]

CL (L/h)b NCc NCc NCd 19.9 (18.9–20.8)e

AUC0–24 area under the plasma concentration versus time curve calculated using the trapezoidal method from time 0 to 24 h, Cmax maximum plasma
concentration observed, CL clearance, CV coefficient of variation, NC not calculated, SD standard deviation, Tmax time to reach Cmax

aMedian (range)
bMean (range)
c CL not calculated (extrapolated AUC >30 %)
d CL not calculated (extrapolated AUC >30 %) except for one patient with a CL of 22.4 L/h
e n=2, CL not calculated for four patients (extrapolated AUC >30 %)
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are consistent with those expected for a taxane/platinum agent
combination regimen [13, 14]. The most frequently reported
all-grade treatment-related TEAEs at the MTD were nausea,
decreased appetite, vomiting and diarrhea; these AEs are also
consistent with those of other taxane/platinum combinations
[15, 16]. Of note, there was no suggestion that combining
cabazitaxel with cisplatin resulted in increased peripheral neu-
rotoxicity [17]. Neutropenia was the most frequently reported
treatment-emergent Grade ≥3 hematologic abnormality
(77.8 % of patients treated at the MTD). Because prophylactic
use of hematopoietic growth factors was not permitted in the
first treatment cycle, hematological tolerability may be im-
proved in future studies and daily practice by using G-CSF.

The best tumor response was stable disease. In this study,
patients were heavily pretreated with 92 % of patients having
received prior chemotherapy and 56 % of patients having
received prior taxane therapy; this may in part account for
the limited antitumor activity that was observed. It is impor-
tant to note that because no more than two evaluable patients
had the same tumor type, it is not possible to draw any
conclusions regarding antitumor activity in a given tumor
type. Studies investigating taxane/cisplatin combinations have
shown evidence of antitumor activity in both non-small cell
lung cancer and nasopharyngeal cancer [15, 16], with ORRs
of 47 % and 70.2 % reported, respectively. These studies
provide evidence that taxane/platinum combinations are fea-
sible and efficacious and as such, it may be prudent to conduct
further studies in patients with specific cancers to determine
the patient population in which the combination of cabazitaxel
and cisplatin is most effective.

Cabazitaxel is extensively metabolized in the liver
(>95 %), predominantly by the CYP3A isoenzyme (80–

90 %) [18]. Cisplatin is not a known CYP substrate, inhibitor
or inducer [19], therefore, no drug–drug interaction was ex-
pected. PK results observed in the small data set reported here
are consistent with a lack of interaction between cabazitaxel
and cisplatin at the doses investigated, supporting the potential
feasibility of combining these drugs for the treatment of
advanced solid tumors. Indeed, the CL of cabazitaxel admin-
istered with cisplatin 75 mg/m2 was within the range observed
for cabazitaxel administered as monotherapy in patients with
advanced solid tumor [10, 20, 21]. These results concur with a
separate study that found that co-administration of cisplatin
with a taxane did not alter the PK profile of the taxane [22]. In
addition, the PK parameters of cisplatin (total and ultrafiltrable
platinum) were comparable to those observed with single-
agent administration [23].

In summary, the use of cabazitaxel in combination with
cisplatin appears to be feasible, based on the small number of
patients evaluated here. While these results would require
confirmation in a larger, controlled, disease-specific trial, the
cabazitaxel–cisplatin combination may provide a future ther-
apeutic option for patients with advanced solid tumors. On-
going studies are investigating the use of cabazitaxel, both as a
monotherapy and combined with other agents, in a variety of
solid tumors.
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